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Abstract
The conditions of experiment for bird impact to blades have been improved. The experiment of bird impact to the fan rotor blades
of an aeroengine is carried out. Through analyzing the transient state response of blades impacted by bird and the change of blade profile 
before and after the impact, the anti-bird impact performance of blades in the first fan rotor is verified. The basis of anti-foreign object 
damage design for the fan rotor blades of an aeroengine is provided. 
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1 Introduction
*
With the development of aero-technology, the 
aeroplanes have been developed being high-speed, 
low altitude, low noise, and large size, while tak-
ing-off and landing more frequently. Thus, the acci-
dents of bird impact to aeroplanes often occur. The 
parts of aeroplanes which are often impacted by 
birds are mainly the engine (including the engine 
cowling) and the windshield (including the can-
opy)[1]. Both of the parts are the critical parts con-
cerning to the safety of aeroplanes. The bird, in-
gested into the engine with the air impacts to the fan 
and blades of engine, leads the engine to be failed 
working normally, due to the deformation and break 
of the blades. Very severe impact may cause a flight 
accident. In order to alleviate the occurrence of this 
kind of accident, the anti-bird impact design and test 
for the blades must be conducted during the design 
and qualification stages. The experiment of bird 
impact to the first stage blades of the fan rotor is 
discussed in this paper. The fixtures of the fan plates 
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and rotors as well as the velocity measuring device 
for the tests are developed. Using the super-dynamic 
strain measurement and the three-coordinate dis-
placement field measurement, the transient strain 
curve for the test point of the fan blade and the re-
sidual deformation after the impact are obtained 
respectively.   
2 Test Apparatus and Equipments 
Li and Gao carried out the experiments of ana-
logue bird and real bird impact to the plate in 
1989[2-3]. The experiments of analogue bird impact 
to the plate and the blades of compressor were car-
ried out in 1995 by Chen[4]. Gas gun was used in 
those experiments. Apart from gas gun, additional 
apparatus and equipments are utilized in the ex-
periment discussed in this paper. 
2.1 Strain curve measuring equipment 
Under the bird impact load, the transient re-
sponse of blades takes place at ms level. Consider-
ing the influence of the stress wave and the struc-
tural features of the blades, super-dynamic strain 
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instrument and high-speed parallel picking card are 
used to record the strain signals .The strain corre-
sponding to a positive voltage is compression strain, 
while the strain corresponding to a negative voltage 
is tension strain. All of the “calibration voltages” 
given below are the voltage amplitude correspond-
ing to the 1‰ strains. 
2.2 Velocity measuring instrument 
The velocity measuring instrument is an elec-
tro-optical digital circuit system. It is installed be-
tween the gas gun and the blade. With the time in-
terval of the analogue bird passing through the two 
gratings of the velocity measuring instrument, the 
velocity of the bird body before impacting the 
blades is defined. 
2.3 Three-coordinate measuring instrument  
MISTRAL 070705 three-coordinate measuring 
instrument is used in this experiment to measure the 
coordinates of the measuring points of the fan 
blades before and after the impact. The final defor-
mation state of the blade can be obtained through 
comparison. 
3 The Experiment of Bird Impact to the
 Fan Rotor Blades 
The experiment is carried out under the ana-
logue-operating conditions specified in the relevant 
experiment specification. The weight of the ana-
logue bird is 140 g. 
3.1 The installation of the blades and the test
    parameters 
In order to simulate the assembling condition 
of the first stage of the fan rotor in the engine, the 
axle support and the fixed unit are specially de-
signed. Fig.1 illustrates the fixture for the first stage 
of the fan rotor. The orientation of the axle can be 
adjusted to satisfy the requirements of the impacting 
locations on the blades and the relative velocities of 
the bird. 
For an rotor, the relative velocity of real bird 
impacting to the blades is the vector sum of the ax- 
Fig.1  The fixture of first stage fan rotor. 
ial velocity of the bird and the tangential velocity of 
the blade at the impact radius[5-6]. The vertical ve-
locity of the bird relative to the blade can be calcu-
lated according to the orientation angle of the blade 
at the impact radius. The effect of tangential veloc-
ity at the impact radius of the blades is neglected 
here. Adjusting the rotation angle of the axle sup-
port in line with the vertical velocity of the real bird 
relative to the blade, the orientation angle of the 
blade at the impact radius and the given velocity of 
the analogue bird, the vertical velocities relative to 
the blades of the analogue bird and the real bird can 
be correlated with each other. 
The fan blades are made of titanium alloy in 
the experiment. Several tests of analogue bird im-
pact to the blades are conducted, and four effective 
tests are derived. The locations of the impact points 
and the velocities of the analogue bird are shown in 
Table 1. In the table, the radius of the impact center 
refers to the radical distance between the center of 
the fan plate and the impact point of the blade, and 
the deflection angle of the axle support is the inter-
section angle of the axial line and the centerline of 
the gas gun. 
Table 1 Parameters of the experiments 
Sample Blade 1 Blade 2 Blade 3 Blade 4
Impact location middle tip middle tip 
Deflection angle of
 axle support/(°)
–12.40 –32.90 –8.08 –33.20 
Velocity of bird 
/(m·s
–1
)
180 180 180 140 
3.2 Test results 
The test results for analogue bird impact to 
· 410 · Guan Yupu et al. / Chinese Journal of Aeronautics 20(2007) 408-414
Blade 1, Blade 2 and Blade 4 (as shown in Fig.2) 
are analyzed as bellow:  
Fig.2  Points of strain measuring on blades. 
(1) The test result of Blade 1 
The impacted location on Blade 1 is the middle 
of the blade basin. Two strain gauges are stuck on 
the blade back corresponding to the impacted loca-
tion (as shown in Fig.2(a)). The lengthwise direc-
tion of the strain grid is set along the height wise 
direction of the blade. The actual velocity of the 
analogue bird is 187.88 m/s. 
The deformation and vibration behavior of 
Blade 1 due to under bird impact are given in Fig.3. 
Strains corresponding to the maximums and mini-
mums in Fig.3 are given in Table 2. In Fig.3(a), at 
the beginning of the impacting, the point 1 is in 
compression, when t = 5.376 ms, it arrives at the 
first positive voltage peak. Then the measured value 
begins to decrease, and reaches to the minimum 
when t = 6.042 ms. After that the measured value 
begins to increase, when t = 7.117 ms, it reaches to 
the maximum. Then the curve oscillates and dwin-
dles continuously. In Fig.3(b), at the beginning of 
the impacting, the point 2 is in tension, when t =
5.939 ms, it arrives at its minimum. Then the meas-
ured value begins to increase, and reaches to the 
maximum when t = 7.117 ms. After that the curve 
oscillates and dwindles continuously. It can be seen 
by comparing Fig.3(a) and Fig.3(b) that both of 
their peaking times are close to one another. Ac-
cording to the propagation characteristic of the 
stress wave, since the measured point 2 is much 
nearer to the impact area than the measured point 1, 
the time points of the strain curve for the point 2 
should be slightly ahead of that for the measured 
point 1. That is also confirmed by the measured re-
sults.
      (a) Point 1 
       (b) Point 2 
Fig.3  Time history of the voltage of points measured on 
Blade 1. 
Table 2 Analysis of curve measured on Blade 1 
Maximum Minimum 
Point
Calibration 
voltage/V Time/ms Voltage/V Time/ms Voltage/V 
Maximum 
compression 
strain/‰ 
Maximum 
tension 
strain/‰ 
1 0.403 7.117 0.971 6.042 –1.520 2.409 3.772 
2 0.405 7.117 1.113 5.939 –1.421 2.748 3.509 
When the blade is measured with three-coor- 
dinate measuring instrument, the x axle is set along 
the lengthwise direction of the blade rabbet. Com-
paring the coordinates of points measured with the 
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three-coordinate measuring instrument on Blade 1, 
the relative displacements of the measured points 
are generally very small. For the points at the tip 
and the middle of the blade, the displacements are 
relatively larger, ranging from 0.42 mm to 0.95 mm 
(see Fig.4). Fig.5 shows the comparison of the fitted 
profile for the points measured with three- coordi-
nate measuring instrument before and after the im-
pact to Blade 1. A conclusion can be drawn from the 
above analysis that the variation of the blade profile 
of Blade 1 is very small. 
Fig.4  Relative displacements of points measured with   
three-coordinate measuring instrument on Blade 1. 
Fig.5  Comparison of Blade 1 profiles before and after im-
pacting.
(2) The test result of Blade 2 
The impacted location on Blade 2 is the tip of 
the blade basin. Two strain gauges are stuck to the 
blade back corresponding to the impacted location 
(as shown in Fig.2(b)). The lengthwise direction of 
the strain grid is set along the height wise direction 
of the blade. The actual velocity of the analogue 
bird is 179.29 m/s. 
The voltage-time history of two measured 
points under the bird impact acting on the tip of the 
blade is shown in Fig.6. Strains corresponding to the 
maximums and minimums in Fig.6 are given in Ta-
ble 3. In Fig.6(a), at the beginning of the impacting, 
point 1 is in tension. When t = 8.909 ms, it arrives at 
the first negative voltage peak. Then the measured 
value begins to increase, it reaches to the maximum 
when t = 9.831 ms. After that is a positive peak with 
a relatively small absolute value when t = 10.854 ms. 
Then the measured value begins to decrease, when  
t = 12.083 ms, it reaches to its minimum. The curve 
then oscillates and dwindles continuously. In Fig.6 
(b), at the beginning of the impacting, point 2 is in 
tension. When t = 8.908 ms, it arrives at its mini-
mum. Then the measured value begins to increase, 
and reaches to the maximum when t = 9.830 ms. A 
positive peak and a negative peak with a relatively 
small absolute value appears when t = 11.059 ms 
and t = 12.083 ms respectively. After that, the curve 
oscillates and dwindles continuously. It can be seen 
by comparing Fig.6(a) and Fig.6(b) that they are of 
the same strain tendency and their peaking times are 
very close to one another. 
Comparing the coordinates of points measured 
with three-coordinate measuring instrument on 
Blade 2, the relative displacements of the measured 
points are generally very small. For the points at the 
tip and the middle of the blade, the displacements 
are relatively larger, ranging from 0.52 mm to 1.22 
mm (see Fig.7). Fig.8 shows the comparison of the 
fitted profile for the points measured with three- 
coordinate measuring instrument before and after 
the impact to Blade 2. A conclusion can be drawn 
from the above analysis that the variation of the 
blade profile of Blade 2 is very small. 
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Fig.6  Time history of the voltage of points measured on Blade 2. 
Table 3 Analysis of curve measured on Blade 2 
Maximum Minimum 
Point
Calibration 
voltage/V 
Time/ms Voltage/V Time/ms Voltage/V 
Maximum 
compression 
strain/‰ 
Maximum 
tension 
strain/‰ 
1 0.403 9.831 1.465 12.083 –0.698 3.635 1.732 
2 0.408 9.831 1.009 8.908 –0.822 2.473 2.015 
Fig.7  Relative displacements of points measured with three-coordinate measuring instrument on Blade 2. 
Fig.8  Comparison of Blade 2 profiles before and after im-
pacting.
(3) The test result of Blade 4 
The location impacted on Blade 4 is the tip of 
the blade basin. Two strain gauges are stuck to the 
blade back corresponding to the impacted location 
(as shown in Fig.2(b)). The lengthwise direction of 
the strain grid is set along the height wise direction 
of the blade. The actual velocity of the analogue 
bird is 147.75 m/s. 
The voltage-time history of two measured 
points under the bird impact acting on the middle of 
the blade is shown in Fig.9. The data picking card 
used in this experiment is different from that for the 
former experiments. The analysis of the picking 
curve is given in Table 4. By comparing Fig.9(a) 
and Fig.9(b), it can be found that both of the strain 
tendencies after the first positive peak are basically 
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Fig.9  Time history of the voltage of points measured on Blade 4. 
Table 4 Analysis of curve measured on Blade 4 
Maximum Minimum 
Point
Calibration 
voltage/V 
Time/ms Voltage/V Time/ms Voltage/V 
Maximum 
compression 
strain/‰ 
Maximum 
tension 
strain/‰ 
1 0.445 1.47 0.493 3.57 –0.284 0.964 0.782 
2 0.517 1.47 0.635 6.07 –0.239 1.192 0.499 
Fig.10  Relative displacements of points measured with three-coordinate measuring instrument on Blade 4. 
Fig.11  Comparison of Blade 4 profiles before and after 
impacting.
the same, and their peaking times as well as the os-
cillation curves are very close to one another. Con-
sidering their relative placements to the impact cen-
ter is very similar, the curve shown in Fig.9 is con-
sidered to be reasonable. 
Comparing the coordinates of points measured 
with three-coordinate measuring instrument on 
Blade 4, it can be found that the relative displace-
ments of the measured points are generally very 
small. For the points at the tip and the middle of the 
blade, the displacements are relatively larger, rang-
ing from 0.6 mm to 1.9 mm (see Fig.10). Fig.11 
shows the comparison of the fitted profile for the 
points measured with three-coordinate measuring 
instrument before and after the impact to Blade 4. A 
conclusion can be drawn from the above analysis 
that the variation of the blade profile of Blade 4 is 
very small. 
4 Conclusions 
Two kinds of methods are adopted to measure 
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the process of analogue bird impacting to the fan 
rotor blades under given operating conditions. 
Through analyzing the test results, we can draw the 
following conclusions: 
(1) The measured strain curve reflects the tran-
sient process of bird impact, and the propagation 
process of the stress wave can also be observed. 
(2) Under the impact of the given analogue 
bird, the strain and the residual deformation of the 
first stage fan rotor blades are all very small. 
(3) The data derived from the experiments can 
provide practical reference for both the designing 
and checking of anti-bird impact capability to the 
aircraft engine. The data can also provide reference 
for the numerical simulation for bird impact. 
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